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ABSTRACT 
The adrenal phys i ol ogy of the al bino rat was studied through 
the measurement of adrenal ascorbic acid l evel s .  A cycl i c  phenomenon 
was observed which fol l ows the diel peri odici ty of the animal . 
Ascorbi c acid val ues were found to be characteri stical ly hi gher i n  
males than in femal es . A s imi l ar di fference was also seen i n  
populations divided i nto young animals {body weight l ess than 175 
grams ) and ol d animal s  {body weight greater than 1 75 grams ) .  
Crowding,  induced by manipulating the area of cage space per gram 
of body weight, was observed to be a defini te stressor and caused 
the adrenal ascorbic acid l evel s to demonstrate an alann reaction 
response. 
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INTRODUCTION 
The human popul ation of the worl d i s  growing at a rapi d rate. 
Population pressures have steadily increased, especi ally i n  the 20th 
century .  The reaction of individuals to the i ncreasing numbers of 
people and how they affect his  everyday exi stence i s  unknown . Whether 
or not the i ndivi dual can adapt to h i s  crowded envi ronment wi l l  be 
dependent not only on the adaptation of the population as a whole , 
but also on how the indi vi dual specifically adapts . Adaptation i s  
the product o f  physiological and behavioral changes i n  the organi s� 
and/or the popul ation. 
The adrenals are known to be the gl ands primarily responsible 
for maintaining homeostasi s .  This association with the envi ronment 
makes th em a primary mechanism of adaptation to stres s .  By observing 
the reaction to h igh popul ation stresses , an i ns ight into the impl i ­
cations of overcrowded conditions upon indivi dual animals may be 
gained. Such infonnation may then be expanded to popul ati ons . As 
the earth ' s  population doub les ,  studies of thi s nature become more 
urgent. 
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REVIHl OF THE LITERATURE 
The complexity of the adrenal cortex is reflected by the number 
and diversity of the s teroid secretions released by this organ. 
Certain sex honnones such as progesterone, estrogens and androgens 
are secreted by the adrenal cortex.  The oresence of these hormones 
as adrenal cortical secretions wou ld  tend .to indicate a close relation-
ship between gonadal and adrenal function . The remaining corticoids 
are referred to as adrenocorticoids and are grouped further as either 
mineral corticoids or gl ucocorticoids . Those substances which possess 
oxygen at carbon 1 1 ,  the 1 1 -oxygenated corticosteroids , affect 
carbohydrate and protein metabolism. They are referred to as gl uco­
corticoids and incl ude corticosterone ( compound B), 1 7-hydroxycorti­
costerone ( cortisol , compound F,  hydrocortisone ) ,  and 1 7-hydroxy-1 1 -
dehydrocorticosterone ( cortisone, compound E ) .  t·1ineral cortic6ids , 
which regulate water and el ectrolyte metabol ism, usual ly l ack an 
oxygen at carbon 1 1 .  Al dosterone is an exception , possessing a hydroxyl 
group at this position and an al dehyde group at carbon 1 8. Total 
adrenal ectomy invariably resu lts in death , il l ustrating the importance 
of these cortical secretions to the organism. 
Adrenocorticoid release is regulated by the release of adreno­
corticotrophic honnone (ACTH) from the pituitary. Turner and Bagnara 
( 1 971 ) summarized the adrenal response as fol lows : 
"The administration of ACTH . . •  is fol l owed by adrenocortical 
hypertrophy and a consequent increase in the production of 
gl ucocorticoids such as corti$ol and cprticosterone. The l evels 
-2-
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of ascorbic  aci d in the cortex are depleted under condi tions 
of heightened secretory acti vity .  The cholesterol content 
of the cortex fal l s  after ACTH treatment, whereas the concen­
tration of gl ucocorticoids i n  adrenal venous blood and of 
the i r  metabol i tes in the urine are stri kingly increased. The 
prolonged admi nistration of glucocorticoids to nonnal ani mal s 
causes the adrenal cortices to regress unti l they are equiva­
l ent to the cortices of hypoohysectomized animal s .  The pi tui­
tary rel eases increasing amounts of ACTH when the blood l evels 
of glucocorticoids are l ow, and dimini shes the output as the 
pl asma g l ucocorticoids are elevated11• 
Increased secretion of adrenal cortical hormones has been found 
i n  organisms under a vari.ety of stresses. Thi s  response by the cortex 
apparently represents an attempt by the organ to maintain the constancy 
of the internal envi ronment .  Diurnal fluctuations o f  envi ronmental 
factors have been found to act as stress , resulting i n  24-hour rhythms 
of a physiological nature, such as gl ucocorti coid  secretion . A number 
of homeostatic mechanisms show such fluctuations . 
A diurnal rhythm of ci rcul ating eosinophil l evel s has been demon­
strated i n  mice (Hal berg and Visscher, 1 950) , i n  rats (Hal berg et tl· , 
1 954 ;  Gui l l emi n ,  Dear and Li ebel t ,  1 959) ,  and i n  man (Tori i et tl· , 
1 955 ) .  Those rhythms were found to occur in both male and female mice ,  
wi th the ampl i tude decreasi ng wi th increasi ng age (Halberg , Visscher 
and Bittner, 1 953) . ' Low' eosinophiJ l evel s coi ncided w ith periods of 
peak activi ty .  Rats and mice , being nocturnal , demonstrated ' hi gh '  
morning levels  and ' low ' night l evels with the reverse being observed 
i n  man. Reduction in ci rcul atory eosinoph i l  numbers was correlated 
with an increase i n  adrenocortical hormone secretion by Spei rs and 
Meyer ( 1 949 ) .  Thi s  indi cates that varying rates of acti vity affect 
the secretion of the cortical hormones , which i s  then reflected i n  
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circul ating eosinoph i l  numbers . Thi s  observation was confirmed by 
Halberg , Visscher and Bittner ( 1 953) . The l atter workers also  found 
that reversi ng the l ight and dark periods and thus the acti vity 
periods also resulted i n  a reversal of the eosi nophi l l evel s ,  causing 
them to peak at n ight. The activity period of the research subject 
i s ,  therefore, a prominent factor to be consi dered when observing 
diurnal rhythms . 
The possible  connection of eosi nophi l l evel s reflecting cortical 
hormone secretion l ed to a determination of how the rhythm of the cycle 
would  be affected by additional stres s .  Louch , Meyer and Emlen (1953) 
subjected mi ce to prolonged periods of col d .  Whi l e  ci rculating eosino­
phi l  counts were s i gnifi cantly sma l ler than norma l ,  the diurnal rhythm 
remained i ntact. Simi lar results were obtained by Halberg and Visscher 
( 1 952) i n  their study of calori e-under-feeding i n  mice. These studies 
i ndicated that the di urnal ci rcul ating eosinoph i l  rhythm is an i ntri nsi c  
· mechani sm .  
Other cel lu lar  comoonents of the blood have al so been found to 
cycl e diurnal ly i n  mice. Brown and Dougherty'(l956) and Gui l l emin, Dear 
and Liebel t ( 1 959) observed 24-hour rhythms i n  lymphocytes and neutrophi l s .  
The highest leucocyte counts were obtained during the resti ng peri od 
of the anima ls .  Adrenal ectomy abol i shed the diurnal fluctuations of 
of the l eucocytes , confirming the hypothes i s  that the cycle that was 
observed i s  mediated by adrenal hormone secretion.  
Diurnal rhythms of urinary 1 7-ketosteroids have been reported by 
Tori i et tl· ( 1955) and Pincus ( 1 943} i n  man . Maximal excretion was 
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observed during the morning and minimal excreti on during the l ate 
evening just before awakening .  Sayers ( 1950)  was critical of the 
study and rejected thi s  method as a� i ndex of adrenocortical acti vity 
due to a l ack of correlation between the rate of 1 7-ketostero i d  
excretion and adrenocortical acti vity.  The method is  compl i cated 
due to the fact that i n  males , only two-thi rds of urinary 1 7-keto­
steroids excretion i s  caused by adrenocortical acti vity .  The remaining 
one-thi rd is contributed by the testes . 
A number of workers (Barnum, Jardetzky and Halberg, 1 957 ; Halberg 
et!]_. , 1 954;  Jardetzky, Barnum and Hal berg , 1 956; Halberg, Peterson 
and S i l ber, 1 959)  have reported observi ng 24-hour fluctuations i n  
ti ssue mi toses . However, periods of peak mitotic activity i n  these 
studies have not coincided. Peak mitotic rates were observed in the 
epidennis of the ear l obe, the retromolar epithel i um and the peri dontal 
membrane of the molars during the morn i ng hours whi l e  the l i ver and 
adrenal parenchyma demonstrated peak periods at n ight.  Barnum , Jardetzky 
and Ha 1 berg ( 1 957) determined that peak periods of mitos i s  fo 1 1  owed 
ONA synthesis  by 6-12 hours . 
Measurement of pl asma corticosterone l evel s by Halberg , Peterson 
and S i l ber i n  1 959 identified definite 24-hour cycl es using thi s  para-
meter. Pl asma corticosterone l evel s  in  mice we�e observed to peak 
daily at about 1 6 :00 hours . These results i ndi cated i ncreased corticos­
terone l evels preceded periods of increased body activity. Identical 
peak periods were found to occur i n  rats (Gui l lemi n ,  Dear and Liebe l t ,  
1 959) . McCarthy , Corley and Zarrow confinned the diurnal resting l evel 
i n  rats of p lasma corticosterone in  1 960 but found no rhythmi c fl uctua­
tions i n  a se<:ond adrenal :component., a compound .. F-l i ke · materi al : ;{17-hy"dro-
6 
corti costerone) found i n  the bl ood. Since both materials are cortical 
in origin, corticosterone woul d appear to be the significant gl uco­
corticoi d in the species . Saba et!!_. ( 1 963a) coul d find no evi · c 'ence 
of a di rect correl ation between pl asma corticosterone l evels and 
ad.renal secretion of the honnone . The i r  resu lts indicate that these 
pl asma levels  fl ustuate due to both adrenal secretion and:the:rate· of 
disappearance of corticosterone from pl asma. Further work wi th rats 
by Saba et !!_. ( 1 963b )  gave data to indicate suppression of the diurnal 
p l asma l evel s  fol l owing destruction of the hypothal amus . Those results 
suggest thi s  structure regulates both production and rate of disappear­
ance of the pl asma corti costcrone level s .  
Sex di fferences i n  rat adrenal s i ze were �ecognized by Donaldson 
in 1 9 1 5 .  Al l adrenals were found to reach maximum size at a body weight 
of about 25 grams . Weaned animals  (about 1 00) grams began to show sexual 
di fferences i n  adrenal s i ze ,  female  adrenals being l arger than males .  The 
ampl i tude of s i ze di fference increased \·li th age. Anderson and Kennedy 
( 1 932) and Col e and Harned ( 1 942) l ater confi rmed Donaldson ' s  fi ndings . 
A l l  observers agree that adrenal weight varies greatly i n  normal animal s .  
Thi s variation i s  greater i n  the adrenal and hypophysi s  than i n  other 
body organs. Boycott and Kel l away ( 1 942) suggested that this variab i lity 
indi cates that fonn and function are less c losely. rel ated i n  the adrenal 
than in most organs . 
Exami nation of the i nternal structure of the adrenal gl and was then 
undertaken. Studies by Tobin and Whi tehead ( 1 942) on the fat content 
of the adrenal reveal ed that l i pid  was contained primari ly i n  the outer 
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cortex, with greater variabi l i ty .in fat content being observed i n  the 
inner cortex. After 1 4  days of age , fat content in the i nner cortex 
was hi gher in females than mal es.  
Greater vari abi l i ty in adrenal s i ze v1as observed i n  l i ghter rats 
(Anderson and Kennedy, 1 932) , with increased adrena 1 weight being attri -
buted to increased cortex s ize .  The estrus cycle has also been found 
to affect adrenal s ize .  Anderson and Kennedy ( 1932) found greater 
adrenal weights i n  females i n  estrus as opposed to those i n  diestrus . 
Enl argement of the zona fasi cul aris cel l s  and outer corti cal cel l s  
were observed during diestrus, as were i ncreased l i p id  and cholesterol 
deposit ion i n  thi s  area. 
In 1 961 , Kitay found evidence to indi cate femal e rats release 
greater quantities of ACTH than male rats in response to stress . A 
greater amount of /1 4-steroi d hydrogenate activi ty i n  rat 1 i vers was 
then observed by Gl enister and Yates ( 1 961 ) i n  the femal e rat. This 
leads to a greater rate of deactivation of adrenal corti cal hormone by 
such l i ver ti ssue, femal es being capabl e of inactivating fi fty percent 
more corticosteroids than the mal es . Thus , to maintain resting l evels 
of corticosteroids the femal e adrenal must maintain a hi gher secretion 
rate of the honnone. A greater secretion rate woul d  require a greater 
release of ACTH i n  the femal e ,  as was demonstrated by Kitay ( 1 961 ) .  
The female adrenal , therefore, quickly becomes l arger than the male 
once the hepati c Ll.4-steroid  hydrogenase system becomes establi shed . 
Stress studies have been conducted to expl ore the importance of the 
sexual differences observed in the adrenal phys iology i n  the rat. Ingle 
( 1939) using cortin stres s ,  Munan and Eiheber ( 1 953) using burn shock , and 
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Tysl owitz and Astwood (1942) and Zarrow and Deni son ( 1 956) using cold 
stress, found fema l es to be more resistent to stress than mal es. 
However, abi l i ty to wi thstand cold shm·1ed no sexual dimorphism i n  
sexual ly i rrrnature animals  ( Z�rrow and Denison, 1956 ) .  
I n  1 907 Sl onaker made the fi rst studies on the activi ty periods 
in the l i fe hi story of laboratory rats. The greatest rat activity was 
found to occur between the ages of 87 to 1 20 days. Further studies 
by Slonaker ( 1 91 2 )  establ i shed diel acti vity periods (from 1 9 : 00 to 
03 :00 hours) between the ages of one and six months, i nd icati ng rats 
to be nocturnal . These findings were confi rmed by Richter ( 1 922) .  
Johnson ' s  research into the activity periods of wi ld  mice yiel ded simi l ar 
results ( 1 926) i ndicating thi s  phenomenon occurred i n  wi l d  populations 
as wel l .  Rhythmi c monthly fl uctuations i n  overa l l  activity were noted 
by Sl onaker ( 1 91 2 )  and Hi tchcock ( 1925 ) , with males exhi bi ting a more 
regul ar but l ess active pattern of activity than females. �o explana­
tion was extended to explai n this observation . Hi tchcock ( 1 925) found 
the acti vity of the femal es coincided \'lith the estrus cycle of the 
animal . Anderson and Kennedy ( 1 932) \'10ul d  l ater correlate estrus rhythms 
with adrenal fl uctuations. These obs�rvations woul d prove significant 
i n  the measurement of adrenocortical secretion due to their  infl uence on 
the establ ishment of resting l evel s of ascorbic aci d ,  corti costerone, etc. 
Diurnal fl uctuations in activity periods were unaffected by continuous 
darkness (Johnson ,  1926; Richter, 1 922) but \·tere modified by continuous 
l ight (Johnso n ,  1 926;  1939) i n  nocturnal species. Johnson hypothesized 
that a diurnal rhythm in the endocri ne system was responsi bl e  for the 
dai ly  activity rhythm. Under conditions of conti nuous l ight thi � interval 
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rhythm was s l owed, a l l owing the activ i ty period to shift. Halberg, 
Visscher and Bittner confirmed Johnson ' s  hypothes i s  in 1 953. Reversal 
of the schedul e  of i l l umination also  reversed the timing of the activity 
rhythm and that of the eosinophil rhythm. A di rect connection beb1een 
diurnal activity and the adrenal cortex was establ i shed. Comparable 
resu lts were obtained by Halberg et tl· ( 1 958) for other vari abl e s :  
gl ucose and ' corticosteron e '  i n  blood, mitoses in  pinnal epidermis and 
hepatic parenchyma , liver glycogen and the hepatic mechanism of cyto­
plasmic phosphol ipid  and ribonucl eic acid and of nuclear deoxyribonucleic 
acid.  
Findings by Sayers et !l_. ( 1 943) on adrenal chol esterol presented 
evidence that chol esterol was directly or i ndirectly concerned wi th 
el aboration of the secretion of the adrenal cortex. Fol l owing this 
study, injection of smal l amounts of ACTH were demonstrated to deplete 
ascorbic aci d from the adrenal of the rat (Sayers et tl·, 1 944b ) ,  
suggesting adrenal ascorbic aci d  functioned i n  a simi l ar manner. Direct 
connections between the anterior pituitary and adrenal cortical activity 
were also confinned. Sayers and Sayers ( 1 948) have stated that a rela­
tionship exists between the i ntens ity of the stimulant and the drops fo 
the concentration of ascorbic aci d in  the adrenal in  the case of h istamine, 
epinephrine and col d .  This evidence establ ished the basi s  that ascorbic 
acid concentrations coul d be uti l i zed to measure adrenal cortical activity ,  
especi al ly since an accurate yet simple method of determi n i ng total 
adrenal ascorbic aci d was avai l able ( Roe and Kuether, 1 943) . Sayers 
( 1950) has warned of certain l imitations concerning ascorbic acid l evel s ,  
pri nci pal ly invol ving animals under nutritional or prolonged stresses . 
1 0  
Gui l l emin et.!}_. ( 1 958) agreed , having found that consi derable stimu­
l ation of corticoi dogenes i s  can be obtained in absence of detectabl e 
changes i n  adrenal ascorbic aci d concentrations . 
Ascorbic acid i s  an active reducing agent or hydrogen carrier 
(Pi rani , 1 952) and may occur i n  the adrenals  i n  both the reduced and 
oxidized forms (Rivoche, 1 937) . Tepperman ( 1 950) showed that ACTH 
significantly increased oxygen consumption and depresses the ascorbic 
aci d content .i!l vitro. This i s  identical to the response observed i n  
experimental ani mal s .  I t  was a l so shown that rat adrenal ascorbic  
aci d concentrations are restored to  near normal l evel s  within a few 
hours. This woul d indicate that ascorbic acid i s  continuously uti l ized , 
not stored, i n  periods of i ncreased adrenocortical activity (P irani , 1 952) . 
Only one previous study of di urnal ascorbic acid concentrations 
has been reported i n  the l i terature (Rinne and Kytomaki , 1 961 ) .  The 
lowest levels of ascorbic acid for mal e rats were observed at 1 6 : 00 
hours , the highest at 08:00 hours . Limited data concern ing resting 
l evels of total ascorbic acid indicate thi s is an area where addi tional 
investigation would be desirabl e .  The resu lts obtained by Hal berg , 
Visscher and Bi ttner ( 1 953) on diurnal circulating eosinophil l eve1s 
indicate that l i ghting conditions shoul d al so be taken i nto consi dera­
tion . These researchers found adrenocorti coid secretions were profoundly 
affected by the timing of the l i ght period.  
Once the di urnal resting l evel s  of ascorbic aci d have been estab-
r 
l i shed , the effect of stress on these l evel s can be investigated. An 
understanding of the adrenals reaction to stress i s  necessary .  In 1 943 
Hon-1itt and Dorfman demonstrated that rats subjected to stress s howed 
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i ncreased secretion of cortical honnone. One response of the animal 
to stress is the activation of the adrenal cortex by the pitui tary 
adrenotroph ic  hormone (Sayers et�. , 1 944b ) .  Five major responr.es by 
the adrenal cortex to stresses of varyi ng degrees and duration were 
formulated i n  1944(a) by Sayers et !]_. and then revised to nine 
(Sayers and Sayers , 1 948; Sayers , 1 950) .  A quick sur.mary of each i s  
as fol l ows : 
Type I :  A moderate stress applied  over a relatively short 
period of time 
Type I I :  A very gradual change i n  internal or external 
envi ronment 
Type I I I :  An intense, continuous stress ending i n  death 
Type IV :  Recovery from a period of severe stress 
Type V :  Adaptation to a continuously appl ied stress 
Type VI , V I I ,  VI I I ,  I X :  Pathological al terations with stimu l i  
exerting l ittl e or  no infl uence 
By observing the response of the adrenal cortex a researcher can evaluate 
the type of stress involved. 
Selye put forth h i s  General Adaptation Syndrome i n  1 946 to descri be 
the pattern of morphologi cal changes which occur in  animals under stress . 
By studying various types of stresses a repeating pattern cou ld  be 
observed wi th three identi fi able stages : the ala
.
rm reaction , the stage 
of resistance, and the stage of exhaustion (Selye 1 936;  1 937) . Al l 
stages of the syndrome may be observed i n  al l nine types of adrenal 
cortical responses if the duration and degree of stress i s  severe enough. 
Whi l e  Selye studied the response of the entire organism to stress ,  
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other researchers have investigat.ed specific responses of the adrenal 
to a variety of stresses. Teppennan , Engel and Long summarized these 
findings i n  1943. They reported that adrenal cortical hypertrophy 
resul ted fol lowing exposure to the fol l m·ling stressors: experimental 
hyperthyroi di sm,  col d ,  heat, exercise, pregnancy , l actati on , inanition , 
i nsulin administration , pancreatic diabetes, phlorigen diabetes, anoxia ,  
shock and burns, infection , toxi ns, di etary factors, tumors and excess 
cholesterol . The reader is referred to the above paper for a more 
detai l ed di scussion. 
In  1 938 Green and Larson described the classic symptoms of ' shock 
d i sease' in  natural populations in  the snowshoe hare. Fatty degerera­
tion, atrophy of the l i ver, decrease in  l i ver glycogen and hypoglycemia 
characterize this di sease. Occurrence of the di sease was found to 
fol l ow a popul ation peak. Green and Larson a l so emphasized that animals  
suffering from this  di sease were unabl e to wi thstand any additional 
exertion or stress in both young and old animal s .  Selye ( 1 946) suggested 
that Green ' s  ' shock di sease ' resembled a disease of adaptation and that 
the symptoms observed were those of adrenal exhaustion on a population-
wide basis. This  type of stress probably invol ves the exhaustion phase 
(Chri stian , 1950) , where the animal i s  no longer able to react to added 
stress after l on g ,  continued stresses and the whole mechanism breaks 
down . Christian ( 1 950) summarized that 
"the time i t  takes an animal to succumb depends upon the severity 
and duration of the appl ied stress. Thus, in  a popul ation which 
reaches a peak in  a brief time , the accompanying stresses would be 
more acutely developed and their application more i n tense , resulting  
in  a more sudden and pronounced popul ation death. When a population 
develops more sl owl y ,  the stresses increase at a slower rate , and are 
appl ied more gradual ly,  which would tend to attenuate the final 
co 1 1  apse'! . 
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Studies on the effect of crowding on the rate of reproduction in  
mice have been undertaken (Crew and M irsha i a ,  1 931 ; Retzl aff, 1 938) , 
i ndicating the death , reproductive rate, and the fecundity of a popul a­
tion are affected by popul ation concentration or density. Retzlaff 
( 1 938) further demonstrated that the behavior pattern of mice , especial ly 
females , is adversely affected by high population dens i ties , with 
fi ghting becoming more frequent Nith higher population level s .  Fonna­
tion of defi n i te social hierarchies wi thin the groups was observed. I n  
groups of high densi ti es , more subservient animal s  were protected from 
aggressive fi ghters by a ' confusion effect ' .  Elements capable of 
producing a densi ty-dependent stress reaction were defined in  mouse 
populations . 
Data by Christian ( 1 955a ; 1955b; 1 956) showed the weight of the 
adrenal glands of mice to i ncrease wi th oopulation s i ze over a l imi ted 
range. This i ncrease \·tas attributed to increased population pressures . 
Indications of the ' confusion effect ' being present i n  very high 
dens ity groups were demonstrated by declining adrenal weights in popu­
l ations wlth increased· density (Chri stian, 1 955b ) .  I n  sexua lly mixed 
popul ations of mi ce , Christian ( 1 956) found h igher mean adrenal weights 
than i n  sexual ly isolated popul ations . Measurement of adrenocorticoid 
secretions has also been uti l i zed to indicate adrenal invol vement i n  
high populations (Louch , 1 956 ; Denenberg et .!l_., 1970 ) .  
The current study was undertaken to investigate crowding stress 
i n  rat popul ati ons. Ascorbic acid level s were used to determine adreno­
cortical activity. Data were a l so gained concerning  diurnal �evel s  of 
total adrenal ascorbic acid. These level s �ould act as resting levels  
for comparison with anima ls  under conditions pf high popul ation densi ties . 
METHODS AND MATERIALS 
Mal e  and femal e  rats of the Sprague-Dawley stra in  were obtained 
from Murphy Breeding Laboratories, Inc . ,  Plai nfiel d ,  Indiana. These 
animals  were inmediately uti l i zed or  used for breeding to produce 
some of the animal s for the 24-hour phase of this study. A one week 
acc l imation period was observed before any animal s were used. Males 
and females were housed separately in the same room in metal con1T1uni ty 
cages measuri ng 46 cm X 68 cm X 108 cm. The total cage area was 
337824 cm3• A schedule of 1 2  hours of arti fici al l i ght was maintained 
from 07:00 to 1 9 : 00 hours. 
Animals uti l i zed i n  the determination of di urnal adrenocortical 
activity were housed twel ve animals  per cage. Varying numbers of 
rats occupied the corrmuni ty cages i n  the crowding experiments based 
on data obtained from the di urnal i nvestigations. Average val ues for 
the cubic centimeters of area per gram of body weight were cal culated 
for the control male and femal e  animals .  Level s of crowdi ng stress 
were based on these val ues and calcul ated as fol l ows: 
total no. grams = 
body weight 
337824 cm3 cage area 
(% l ess cage area) (control cm3 cage area/ gram body 
weight 
The to ta 1 body weight represents the number of grams per cage v1hen 
the animals  were sacri ficed. S ince experiments were normally run 
for a period of one week an estimate of weight gain per animal had to 
be made. 
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Animals were sacrificed using a smal l -animal gui l lotine at 
four hour i ntervals  (04 : 00 ,  08:00 , 1 2 :00 ,  1 6 : 00 ,  20 :00,  24 : 00 )  for 
the 24-hour study. Adrenals were quickly removed and placed in  
homogenizing tubes fi l l ed with 6% trichl oracetic aci d .  Total ascorbic 
aci d was determi ned by the method of Roe and Kuether ( 1 943 ) .  
Values for the crowding experiments were taken at  08:00 hours 
for the males and 1 6 : 00 hours for the females . These times were 
determined to be the most stable according to the 24-hour studi es . 
The data were compared as to s i gni ficant di fferences between 
means . 
RES UL TS 
The ascorbi c  acid content of the adrenal glands, expressed 
as mean adrenal mg % ascorbi c acid l evels, and the adrenal gl and 
weights, expressed as mean mg % body weight l evel s ,  were used to 
analyze the data obtained i n  this study. Very early i n  the 
· research excessi vely high or l ow val ues were noted in otherwise 
relatively cl osely grouped data. An explanation for these val ues, 
other than mechanical error, was put forth by Davis and Christian 
(1957) . They found the soci al rank of mice to be a factor contri ­
buting to the size of the adrenal s. Mi ce at the l ower end of the 
social rank were found to have the hi ghest adrenal weights. The 
reverse was true of aggressive mice at the top of the social peck 
order. I n  view of thi s fi nding it was fel t  that to obtai n the most 
representative mean values for a 'gi ven group of ei ther sex i t  
woul d be advisable to e l imi nate those i ndividual s from the calcu­
l ations which demonstrated excessi vely h igh or excessi vely low 
adrenal mg % ascorbic  aci d val ues. The final computations were then 
fel t to be more representative of the average animal under the condi ­
tions speci fied. 
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Table 1 :  Mean adrenal weights , expressed as mg % body wei ght, 
cal culated from the findi ngs of Donaldson in 1 9 1 5  for 
various male and female \'/eight groups . 
Mean adrenal weight as mg % body wt . 
Body weight (grams ) Male female  
125  1 1 . 52 1 3 . 1 2  
1 50 1 2 .94 1 6 . 60 
1 75 1 4. 57 21 . 26 
200 1 6 . 75 27. 60 
225 1 9 . 69 36 . 36 
250 23. 72 50.04 
Overal l mean 1 6 . 53 27 .48 
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Figure 1 :  Comparison of Donaldson ' s  adrenal weights ( 191 5 )  with the 
adrenal weights found in thi s  study. Each dot represents 
one ma 1 e rat from the present study. /The green 1 ine repre-
sents Donal dson ' s  data. ( 
. . . . . .. 
280 
. 
300 
_. 
CX> 
90 
82 
74 
66 
58 
50 
Adrenal 
weight 
(mg) 42 
�4 
26. 
18 
1 00 120 
. . 
·. 
. 
. . . . . 
. 
. . . .. . . . . . . . . 
.
 . . . . .. . . 
. . .. 
. . 
. . . . . . . 
. 
. . . . . ... . . .. . . . . 
. . . .. . .. . : 
. 
. 
. .... ·:
. 
. . . · . . ·. 
. . . ... . . .. . . . 
. . 
. 
.. . 
. . 
. 
. . . . . ... . . 
.
 
.
 . . ... . 
. . . .. 
•• 
·
.
:
· 
•
• •  
:.;_..r. . . 
. 
. 
. 
. . 
. 
. . . . . : . · . . : . . . . . . .
. 
·.··
· 
.
. .
. 
· . 
. 
. 
. 
. . . . 
. 
. 
1 40 160 1 80 200 
Body weight (grams ) 
220 240 260 
Fi gure 2 :  Comparison of Donal dson ' s  adrenal weights ( 1 9 1 5 )  with the 
adrenal weights found i n  thi s  study. Each dot represents 
one femal e  rat from the present study!. The green l ine 
represents Donal dson ' s  data. · 
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Table 2: Two weight groups of Sprague-Dawl ey male rats were housed separately, 12 animals  per 
cage , under standard l ight periods {07:00 to 1 9 :00 hours) . Di urnal values were 
obtained at four hour i ntervals for adrenal mg % body weight l evel s  and mg % ascorbi c 
acid levels .  
Males <. 1 75 grams 
Adrenal mg % body weight Adrenal mg % ascorbi c aci d 
N Mean s.d. N Mean s .d .  
4 AM 16  19 .  81 4 .23 16  570.69 9 1 . 23 
.8 AM 1 6  1 8 . 53 3 . 87 16  660.30 76 . 75 
1 2  Noon 1 7  1 8. 98 2 .65 1 7  689.75 245 .64 
4 PM 1 7  20.41 3 .26 1 7  569.48 1 01 . 1 4  
8 PM 1 7  1 6 . 56 2.38 1 5  772.60 1 89 . 1 1  
1 2  Midnight 1 6  1 8 .44 2 .28 1 6  622.33 91 . 1 6  
-
f�a les ) 1 75 grams 
Adrena 1 mg �� body weight Adrenal mg % ascorbic acid -
N Mean s .d .  N Mean s.d . 
4 AM 1 7  1 6 . 85 3 . 1 1  1 7  550.06 65 .06 
8 AM 1 4  1 5 . 08 2 . 32 1 4  568 . 1 5  1 21 .62 
12 Noon 26 1 5 . 44 2.49 26 577.25 21 0 . 27 
4 PM 1 9  1 5 . 73 2 . 33 1 9  621 
• 
84 84.64 
8 PM 1 7  1 5 .  61 2.24 1 7  567 . 38 71 .61 
1 2  Midnight 20 1 5  .01 1 . 90 20 582.35 103.  79 
N 0 
Table 3 .  Two weight groups o f  Sprague-Dawley female rats were housed separately, 12  animals per 
cage , under standard l ight periods (07:00 to 1 9 : 00 hours ) . Diurnal values were obtained 
at four hour interval s  for adrenal mg % body weight l evel s and mg % ascorbi c aci d l evel s • 
Females .( 1 75 grams 
Adrenal mg % body weight Adrenal mg % ascorbic aci d 
N Mean s . d .  N Mean s . d .  
4 AM 21 30. 1 5  6 .04 21 368.40 96 . 95 
8 AM 1 5  26. 91 5 . 95  1 4  429.87 1 06 . 54 
1 2  Noon 22 26 . 96 3 .20 22 425.96 1 1 0 .  96 
4 PM 27 24.96 3 . 84 1 9  458 .51 72.  (}3 
8 PM 1 9  27.57 4 .24 1 9  375 . 1 0  87.59 
1 2  Midnight 1 9  26 . 55 3 .07 1 9  442.45 63 .64 
Femal es ) 1 75 grams 
Adrenal mg % body weight Adrenal mg % ascorbic aci d 
N Mean s . d .  N Mean s .d .  
4 AM 1 8  27. 27 3 . 27 1 8  327. 1 6  67.67 
8 AM 22 27.01 3 . 75 22 338.37 1 24 . 78 
1 2  Noon 1 4  25. 71 3.77 1 4  306 .22 67 . 81 
4 PM 26 27.08 3 .67  1 5  301 .40 1 20 .32 
8 Pm 1 8  28.44 3 .65  1 8  353 . 68 54 . 74 
1 2  Midni ght 1 5  25 .41  2 . 06 1 5  321 .60 76 . 1 8  N .... 
Figure 3:  Mean diurnal adrenal weights , expressed as 
mg % body weight, for 'young ' and ' ol d '  
female albino rats . 
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Figure 4 :  Mean di urnal adrenal weights , expressed as 
mg % body weight, for 'young ' and ' ol d '  male 
al bino rats . 
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Figure 5 :  Mean diurnal adrenal mg % ascorbic acid l evel s 
for 'young' and ' ol d '  fema l e  albino rats. 
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Figure 6 :  Mean di"urnal adrenal mg % ascorbic aci d l evel s 
for 'young ' and ' ol d '  mal e  albino rats . 
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Table 4: Average cubic centimeters of cage space per gram of body 
weight based on data obtained in the 24-hour study of 
adrenal ascorbic acid levels . 
N Total grams �3 cage 
gr. body wt. 
Female  � 1 75 grams 1 51 23709 1 79 .  30 
) 1 75 grams 1 24 23600 1 4 7.92 
Male � 1 75 grams 1 1 7 1 8738 1 75 .  79 
> 1 75 grams 1 32 28961 1 28. 31 
Table 5 :  Ascorbic acid data obtained on ' young ' Sprague-Dawl ey male rats fol l owing periods of 
crowding stress i n  community cages . Stress was appl ied by decreasing the cubic centimeters 
of cage area per gram of body weight. Varying l ight periods were also used to determine 
the effects of mul tipl e stresses on the ascorbic acid l evel s of these animal s.  
Sex 
Male 
Age group ExrP ri.me·n ta l 
condi tions 
% l ess area no. /cage average 
body \'It . 
mg % ascorbic acid  
·N* Mean s.d; 
� 1 75 gr. one week 44 
one week 47 
one week 55 
one week 56 
one week 59 
one week 65 
one week 77 
one week wi th one 
24-hour l i ght 
period 23 
one week with 
conti nuous l ight 63 
23 
22 
32 
26 
. 30 
34 
57 
1 8  
4] 
1 48 . 35 21 
1 66 .05 1 9  
1 33 . 1 3** 27 
169 .  30 . 1 9  
1 56 . 00 25 
16 1 . 42 29 
1 49 .04** 49 
1 59 .  94 1 7  
1 27 . 88 38 
507.95 1 1 8. 86 
867. 1 8  1 84 .04 
90 3 . 41 1 5  8. 00 
666 • 04 1 44 .  2 3 
730. 35 191 . 77 
627.33 1 52 .73 
755 .63 1 71 .  71 
917 .  51 224. 92 
986.44 1 5 3 . 73 
* These val ues are l ess than the total number of animal s used because obvi ousl y high or l ow 
val ues were di sregarded to obtain  more representative mean and standard deviation ascorbi c 
aci d l evel s. 
** The .total body weight was observed to be l ess at the time. of sacrifice than when the experi ­
ment was begun. 
w -
Table 6 :  ·Ascorbic aci d data obtained on 1young1 Sprague-Dawley femal e  rats fol l owing periods of 
crowding stress i n  community cages . Stress was app l i ed by decreasing the cubic centimeters 
of cage area per gram of body weight. Varying l ight periods were al so used to determine 
the effects of multip le  stresses on the ascorbic aci d l evels of these animal s .  
Sex Age group Experimental % l ess  area no. /cage average mg % ascorbic acid 
conditions body wt. N* Mean s .  d • . 
Female S. 1 75 grams one week 21 1 4  1 6 5 . 80 9 345.49 82. 18 
one week 21 1 7  1 39 . 53 1 6  443 . 55 87.64 
one week 30 1 7  1 58 .47 1 5  299 . 33 84.64 
one week 38 20 1 52 . 50 20 41 5 . 72 77.55 
one week 42 2t· 
. .  120 . 63** 25 645 . 42 1 21 .83 
one week 45 24 1 43 . 83 24 568.55 1 65 . 52 
one week 55 28 1 49 . 43 26 41 5 .48 97.89 
one week 75 54 1 41 .48** 51  594 .92 123 .96 
one week with one 
24-hour period 
of l i ght 1 8  1 6  1 43.  81 16  48L62. 96 . 37 
one week with 
continuous l ight 56 35 1 23 .09 30 657.57 1 1 8.  38 
* These val ues are l ess than the total number of animal s used because obviously high or l ow 
val ues were disregarded to obtain more representative mean and standard deviation 
ascorbic acid levels .  
** The total body weight was observed to be  less at  the time of sacri ,fice than when the experi-ment was begun. 
w N 
Table 7 :  Ascorbic acid data obtained on ' o ld' Sprague-Dawley male and female  rats fol l owing 
periods of crowding stress in co!Tlllunity cages . Stress was applied by decreasing the 
cubic centimeters of cage area per gram of body weight. Varying l ight periods were 
also used to detennine the effects of mul tiple stresses on the ascorbic acid levels 
of these anima l s .  
Sex 
Mal e 
Age group Experimental % l ess area no./cage average 
conditions body \·tt. 
> 1 75 grams one \·1eek 1 8  
35 
35 
16  
20 
21 
201 . 69 
201 . 00 
192 .  81 
209 . 1 9  
one week 
one week 
one .week 61 
one week with one 
24-hour period 
of l ight 20 
two weeks 54 
. 32 
1 5  
21 
2 1 8 . 1 3  
275 . 53 
Femal e  ) 175 grams one week 28 
51 
49 
1 7  
24 
21 
1 81 .  53 
1 9 5 . 92 
21 4 . 76 
one week 
two weeks 
mg % ascorbic acid 
N* Mean s . d .  
1 5  
16 
19  
30 
1 5  
20 
1 4  
22 
19  
647. 66 146 .26 
377 .. 1 1  73.36 
499 . 76 77.85 
51 8 . 56 123 .35 
778 .98 237 .22 
851 . 26 1 72 .9 1  
31 1 . 73 87 . 36 
384 .T8 100 . 74 
450 . 55 92 .66 
* These val ues are less than the total number of animals  used because obviously high or low 
val ues were disregarded to obtain more representative mean and s tandard deviation ascorbic 
acid leve l s .  w w 
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Figure 7 :  Mean adrenal mg % ascorbic acid levels for 
'young ' femal e rats under varying l evel s 
of crowding stress . All  values represent 
one week experimental periods except where 
otherwise indicated. 
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Fi gure 8 :  Mean adrenal mg % ascorbic acid l evel s for 
'young ' male rats under varying l evel s of 
crowding stres s .  Al l val ues represent one 
week experimental periods except where 
otherwise indicated. 
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Figure 9 :  Mean adrenal mg % ascorbic aci d l evel s  for 
' o l d '  mal e  and femal e  rats under varying 
leve ls  of crowding stress. Al l values 
represent one week experimental periods 
except where otherwise i ndicated. 
DISCUSSION 
Mammals are known to reflect envi ronmental conditions throug� 
adrenal activity. Adrenal gland size , expressed as mg % body \'/eight 
(formul a : adrenal wt. (m X 1 00 ) ,  and adrenal ascorbic  acid l evel s body wt. grams 
are two acceptable methods of measuring thi s  activity. Using these 
two parameters , a distinct, measurable sexual difference was demon-
strated for the rat adrenal . Male rats were observed to have smal ler  
adrenals than femal es of the same strain .  These results are consis -
tent with those of other researchers ( Donal dson ; 1 923 ; Anderson and 
Kennedy , 1 9 32;  Cole and Harned, 1 942 ) .  Sexual di fferences in mean 
diurnal adrenal mg % body weight l evel s ( Fi gur�s 3,4)  are attributable 
to greater rates of corticosterone ·deactivation by females ( Gl eni ster 
and Yates, 1 961 ) .  I t  has been suggested that to maintain resti ng . 
levels of corti costeroi ds the femal e  rat must maintain a higher ACTH 
secretion rate, causi ng the adrenal to become l arger than the male .  
Because the animals were housed twel ve anima ls  per cage, the val i di ty 
of the average 24-hour adrenal mg % body weight val ues were compared 
wi th data obtained by Donal dson i n  1 9 1 5  (Table l ;  Fi gures 1 ,2) . Thi s  
comparison i ndi cates only s l i ghtly l ower average val ues i n  the Sprague­
Dawl ey rats , a vari at ion which coul d  be attribute{:) to strain di fferences . 
It has been concluded, therefore , that twel ve animals housed i n  a 
s i ngle corrununi ty cage of this s i ze ( 337824 cm3) woul d not appear to 
be a si gni ficant envi ronmental stress . Thus the control values are 
consi dered to be normal adrenal activity l evel s .  
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During the in i tial stages of the 24-hour study a difference in 
adrenal weight and adrenal ascorbic acid l evel s was observed between 
'young ' and 'ol d '  animals of both sexes . Anderson and Kennedy ( 1 9-32) 
- also noted an age difference in the weights of the adrenal s of femal e  
rats and established three separate age-group categories : < 1 60 grams ; 
1 60-180 grams ; ) 1 80 grams . Because of l imited space and funds only 
two groups were differentiated in this study. Al l animals  l ess than 
or equal to 1 75 grams comprised the 'young ' group while those greater 
than 1 75 grams formed the ' ol d '  group. Both males and females were 
grouped in this manner. The weight groups were housed separately in 
both the 24-hour and crowding studies . 
Shifting activity periods would account for the difference in · 
'young ' and ' ol d '  adrenal weights . Slonaker ( 1 912 )  found that by the 
age of six months the al bino rat has established a definite activity 
period. This period is confined almost entirely to the hours between 
1 9 : 00 and 03 :00 .  This is i n comparison to activity periods 'which 
occurred throughout the 24-hour period in one month old rats . The 
shift in activity periods woul d gradual ly �ccur within this time period. 
Val ues for adrenal weight as mg % body weight and adrenal ·ascorbic acid 
-
(Tables 2 , 3) indicate that 1 75 grams was the functional cut-off point 
for the formation of 'youn g '  ana •ol d '  groups . The differentiation 
between 'young' and ' ol d '  female  groups as to adrenal mg % body weight 
val ues ( Figure 3) was not as distinctive as that observed for the mal e 
rats ( Figure 2 ) .  I t  is conceivabl e  that the cut-off point for .females 
may have been too high. Femal e  rats exhibit a lower total body weight 
gain within the first six months. The average femal e  probably wejghed 
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l ess than 1 75 grams when undergoi ng the shift i n  activity peri ods . 
However, adrenal ascorbic acid l evel s  were consistently hi gher i n  
the 'younger' femal e  rats as compared to those femal es wei ghing 
greater than 1 75 grams . For this reason the 1 75 gram cut-off point 
was used for both males and females . 
Cycl i c  di urnal rhythms were observed i n  both mal e and female 
adrenal mg % body weight l evel s .  Greater variation i n  these leve l s  
i s  noted i n  the 'youn g '  versus the ' o l d '  individua l s .  This hi gher 
adrenal weight variab i l i ty was a l so observed in femal e rats by 
Anderson and Kennedy ( 1 9 32) i n  thei r studies on the estrus cycle .  
The greater deviation i n  mg % body weight l evel s observed in  'younger' 
rats can be correl ated with their  continuous acti vi ty (Slonaker, 1 9 1 2 ;  
Hi tchcock , 1 925) . Males greater than 1 75 grams demonstrate very 
l i ttle di urnal variation ( Figure 4) , with peak adrenal weights occurri ng 
at 04 : 00 hours . This wou l d  tend to i ndi cate corti costeroi d secretion 
to be greatest at the period of greatest physical activity. Adrenal 
s ize apparently i ncreases to provi de the necessary i ncrease i n  adreno­
corti cal  secretion as previously noted. 
Male rats under 1 75 gr�ms exhibit two peaks i n  the i r  di urnal 
adrenal weights expressed as mg % body weight.  One occurs at 04 : 00 
hours , normal for a nocturnal animal , whi l e  the other occurs at 1 6 :00 
hours . The l atter activity i s  not unexpected ' s i nce feedi ng of a l l  
the animals was scheduled between 1 2 : 00 and 1 6 : 00 hours and si nce 
'younger' animals display more than one acti vity period during a 
24-hour period (Sl onaker, 1 9 12 ) . Immediately fol l owing feeding these 
'young ' males ceased activity, thei r average adrenal weight decreasing 
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to the 24-hour l ow ( Figure 4 ) .  Adrenal cortical secretion would be 
expected to be at i ts l owest during thi s  time peri od . These results 
confi nn those obtained by Hal berg , Visscher and Bittner i n  1 953.  
Hal berg and h i s  col l eagues found the l owest number of ci rculating 
eosi nophil l evel s to coincide with periods of peak rat acti vi ty. 
The importance of the acti vity period i s ,  therefore , posi ti vely 
estab l i shed. 
Overlap in the diurnal cycle as indicated by adrenal weight 
expressed as adrenal mg % body weight was observed for the female rat 
population ( Fi gure 3 ) .  As previously noted , the cut-off point for 
females may have been too high.  Thi s  cou ld  account for the overl ap,  
the val ues not representing two disti nct popul ati ons . However, other 
factors shoul d be considered. The daily fluctuations i n  adrenal weight 
caused by estrus rhythms may contribute to this overlap. Femal es i n  
diestrus were found to show greater variation i n  adrenal weight than 
those i n  estrus (Anderson and Kennedy , 1 932) , when the adrenal gl and 
weight i s  greatest. In addition,  l ighter females are known to have 
a greater variation (vary more greatly) i n  the mean relative adrenal 
weight than do the heavier femal es (Anderson and Kennedy, 1 932) .  I t  
i s  conceivabl e that several 'young' females at one time peri od , a l l  
in estrus , woul d signifi cantly raise the mean adrenal mg % body weight 
l evels for that peri od. Without estrual cycle data this possibi l i ty 
certai nly cannot be di scounted. 
As i n  the mal e rats , the ' ol der'  females  demonstrate less 
variabi l i ty than do the 'younger' anima l s .  Unl i ke the males , the 
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activity periods are not reflected as definitely. The 'young' female 
indicates only one period of activity, at 04 : 00 hours ( Figure 3 ) .  
This period of increased adrenal secretory activity is to be expected 
in a nocturnal animal . Those females weighin g greater than 1 75 grams 
demonstrated two activity periods , the first at 20 : 00 hours and the 
second from 0 : 00 to 08:00 hours . The l ate afternoon-early evening 
increase in adrenal mg % body weight l evel s  can a lso  be attributed 
to the estrus cycle of the rat. The change in estrus phases , ie . from 
estrus to diestrus , commonly occurs during this ti�e period .  These 
shifts represent a stress to the individual femal es . Taking into 
consideration these factors which are affecting the diurnal se�retion 
of femal e  adrenocortical honnones , the sexual differen�e� in diurnal 
mg % body weight cycles are minimal . 
It  was previously noted that for diurnal adrenal val ues of mg % 
body weight levels  the femal es showed higher average val ues than did 
the males . This is true regardless of the age group being observed . 
( Figures 3 ,4) . However, the reverse is true of the adrenal mg . % 
ascorbic acid l evel s within a 24-hour period ( Figures 5 ,6 ) .  ACTH 
activity is apparently responsible for these resul ts . Ascorbic acid , 
. 
an active reducing agent ( Pirani, 1 952) , is depressed by ACTH' , 
(Tepperman , 1 950) , which stimul ates the secretion of corticostero.i ds 
from the adrenal glands. Female rats are capable of inactiyating 
fifty percent more corticosteroids than males (Gl enister and Yates ,  
1 96 1 ) ,  causing them to release greater quantities of ACTH to maintain 
their resting levels  of this honnone. This increased ACTH secretion 
rate stimulates the activity of the adrenal mechanism, which in . turn 
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results i n  heavier, or l arger, adrenal glands . Rather than attempting 
to maintain l evel s of ascorbic  aci d simi lar  to those found i n  the male 
rat, the physi ol ogy of the femal e  rat is programmed to mai ntai n  a 
l ower stable ascorbi c acid content. The male ,  having a s lower rate 
of corticosteroid deactivati on , i s  abl e to mai ntai n hi gher adrenal 
ascorbi c aci d l evels with minimal acti vity and ACTH output. Mi nimal 
ACTH release prevents i ncreased adrenal gl and s ize except under periods 
.,-
. ,  
of stress . 
Both male and femal e  Sprague-Dawley rats demonstrate diurnal 
cycl es according to measurements df adrenal ascorbiG aci d l evel s  
( Fi gures 5 , 6 ) . ' Young '  femal es were observed to vary more i n  the i r  
average ascorbic aci d l evel s than di d the females wei ghing more than 
. 1 75 grams . In general , the ' ol der'  females showed no sharp di fferences , 
a l l  average ascorb i c  aci d val ues being wi thin a range of 50 mg % of 
each other (Table 3) . These same females gave adrenal weight val ue s ,  
expressed as mg % body weight, which showed a much greater degree of 
variabi l i ty ( Fi gure 3) . The corticosterone deacti vating mechanism of 
the femal e  l iver may be so effici ent as to el imi nate the mi nor diurnal 
hi ghs and l ows which occur under normal physiological condi tions . 
Curves observed i n  the 'young' females for both adrenal mg % body 
weight and adrenal mg % ascorbic aci d wou l d  suppqrt this hypothesi s .  
Greater average variabi l i ty was observed for both of the above para­
meters i n.  the femal es under ·1 76 grams . However, the ascorbic aci d 
l evel s v·aried l ess than the adrenal weights . Also,  peaks i n  adrenal \ 
mg % body weight averages correspond with l ows i n  adrenal mg % ascorbic 
acid val ue s ,  as i s  expected. These observations \10ul d confi rm the 
" 
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probabl e acti vity of ACTH. The ' younger' female ,  showing greater 
i ndi vi dual variabi l i ty ,  is unable to maintain the resting l eveJs of 
corticosteroi ds as easil y as is the 'o lder' fema le .  
Whi l e  femal e  rats are abl e to rapidl y  deactivate corticosteroids , 
males are fi fty percent s lower in this physiological mechani sm.  The 
feedback mechanism among adrenal s ,  anteri_or pitui tary and l i ver would 
· appear to be s lower in the mal e  than in the female .  Even adrenal 
ascorbic aci d l evel s  are depleted more s lowly due to less ACTH release 
at one time. Both age groups of males also demonstrate i nverse 
adrenal mg % body weight and adrenal mg % ascorbic aci d levels  
(Fi gures 4 ,6 ) . Ascorbic acid l evels are depleted at those time periods 
when total adrenal weight i s  at a peak. However, unl i ke the femal es ,  
the mal e ascorbic acid diurnal curve shows greater variabi l i ty than 
does the adrenal weight curve. Thi s  i s  bel ieved to be due to the sl ower 
pace of thi s  feedback system. The male does not respond as quickly 
wi th h i _gh amounts of ACTH , al lowing the true 24-hour curve to appear 
i n  the adrenal mg % ascorbi c acid graph ( Figure 6 ) .  
An overl apping of ' young' and ' ol d' average mg % ascorbic  aci d 
val ues i s  observed i n  Figure 6 at 1 6 : 00 hours . As previous l y  noted 
al l the rats were fed prior to 1 6 : 00 hour�. Feeding at this time was 
conducive to ' young' rats establ i shing an activity period i n  the 
afternoon , resulting i n  depletion of the ascorbic aci d levels  for 
this point i n  the 24-hour curve of the ' young' mal e .  Males weighing 
greater than 1 75 grams demonstrated no activity period at this time. 
In fact, �verage ascorbic  aci d levels  were observed to peak at this 
period. , indicating 1 6 : 00 hours to be a very quiet period for these 
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' o lder'  animals.  The feedback me�hanism of the 'young '  male ,  being 
s l ower than that of the female ,  a l l ows �r detection of this afternoon 
activity. In males ,  adrenal ascorbic acid l evel s  are not replenished 
as rapidly since corticosteroids are not deactivated as rapidly. The 
overlap simply reflects the difference a l ready noted in activity periods 
of the different age groups. If males of more than 175  grams had 
normally been active at this time , the overl ap probably would not 
have occurred. Their average ascorbic acid l evels woul d have been 
much l ower than the average observed in this study. 
Attention should also be cal l ed to the fact that the average 
val ues for the 'young' animal s  during periods of activity , 04 : 00 and 
1 6 : 00 hours , are within a range of 1 0  mg % of each other (Table 2 ) . 
This would indicate that normal activity by the rat represents a 
rel atively stable or constant l evel of adrenal ascorbic acid depletion . 
Adrenal ascorbic acid l evel s could then be predicted for animal s  during 
periods of activity regardless of the time of day. Females  woul d 
presen� more of a problem than males since their 24-hour curve does 
not reflect the activity periods as distinctly as . the mal es. Resting 
l evels for the females in studies requiring precise measurement of 
ascorbic acid level s might be better accomplished using a method other 
than that of Roe and Kuether ( 1 943) . For the scope of this study, 
however, this method for the determination of adrenal ascorbic acid is 
sufficiently sensitive. 
An investigation of diurnal changes in adrenal weight and ascorbic 
acid l evels produced a curve simil ar to that found in this study ( Rinne 
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and Kytomaki , 1 961 ) .  Peak adrena 1 weights for the first 24-hour 
study were observed at 1 2 : 00 and 24 : 00 hours whi le  peaks i n  the 
present study occurred at 04 : 00 and 1 6 : 00 hours . However, the mean 
val ues of the i ni tial  24-hour cycl e di ffered stri kingly from the 
present data. Rinne and Kytomaki observed mean adrenal weights i n  
the 35-45 �g range for males averaging 223 grams i n  body wei ght.  
When compared with Donal dson ' s  findings ( 1 91 5 )  the 1 961  val ues prove 
to be s i gnifi cantly h igher (Table 1 ) .  !�ean adrenal weights observed 
in  the current study are more compati ble \'li th. those of Donal dson . 
For this -reason the findings of Rinne and Kytomaki are bel i eved to 
have been affected by some other stressor. No data concerning  cage 
s ize or number of animal s per cage was given in  the paper, preventing 
comparison i n  this area wi th the present study. Hhether or not thi s 
i nformation would be cruci al can only be the object of specu lation . 
The crowding phase of thi s  study \'tas accomp l i shed by decreasing  
the vol ume of  the cage area avai l abl e to each animal as  measured by 
cubic centimeters per gram of body weight. Bas i c  cage densi ties 
were cal culated for the various groups whi ch had been estab l i shed 
for the 24-hour study (Table 4 ) .  To i ncrease the population density 
withi n  a cage area , the control cubi c centimeters per gram of body 
weight was decreased by a certai n  percentage, hereafter referred to 
as percent less area (Tables 5 ,6 , 7 ) .  Since the body weight o f  the 
anima ls  i s  an important factor, i t  was possible for a si ngle percent 
l ess area val ue to be reached using a varying number of rats per cage. 
An i dentifiable pattern was observed for mean ascorbic aci d 
level s of 'young '  male and femal e  rats under varying levels of crowding 
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stress ( Figures 8, 9 ) .  Initial a scorbic acid depletion , then storage , 
depletion and final ly unusually high l evel s occurred. A similar pattern 
of adrenal activity has been noted by Christian ( 1 955b, 1956) in mice 
under crowding stress. Adrena 1 weight was used to estimate adrena 1 . 
secretory activity. Adrenal weights increased in size , then decreased 
and finally began increasing again. While the present study gave a final 
indication of adrenal inactivity through storage of adrenal ascorbic acid, 
�hristian reported no such findings . 
The factors· contr,i buti ng to the development of the pattern of 
adrenal activity under increasing population density stresses may be 
very complex. Less than normal mean ascorbic acid leve l s  were observed 
at densities of up to 30 percent l ess area for 'youn g '  f�males ( Figure 8) 
and 44 percent l ess area for 'young '  mal es .  This would  indicate that 
these animal s  were undergoing sufficient stress to cause ACTH release 
because of more frequent encounters. Davis and Christian ( 1 957) 
observed mice to have a social rank and that those individual s  higher 
up on the social order had smal ler  adrenal s .  Increased population 
densi ties to the leve l s  indicated above would cause al l the animal s  to 
come i n  contact with one another more often .  Since social rank is 
establ ished through behavior patterns, especial ly fighting , an i ncrease 
in stress of this nature should be expected . · Lou�h ( 1 956) , in his 
study of meadow voles, found fighting to be an important stress factor 
i n  populations of high densities. Interactions of this type would be 
expected to deplete ascorbic acid levels .  This would represent a normal 
a larm reaction by the 'young '  rats of both sexes. 
When the popul ation density is increased to 38 percent l ess area 
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for 'young� femal es and 47 percent l ess area for 'young' males an 
increase in adrenal ascorbic acid is noted. The reason for this 
may be two-fold .  First, the cage space available to each animal , 
expressed as the cubic centimeters of cage area per gram of body weight, 
is bel ieved to be low enough to cause the animal s  to go into the 
resistance stage of the General Adaptation Syndrome. Adrenal weight 
decreases , as observed by Christian ( 1 955b ; 1 956 ) , while adrenal 
�scorbic acid levels  increase, as observed in this study. A second 
factor which may be contributing to this decrease in adrenal ascorbic 
acid depletion has been suggested by
.
Christian ( 1 955b ) . He believes 
that the social structure of the cage population is disrupted. The 
total number of animal s  per cage is great enough that s ubm'issive animal s 
\ 
at the l ower l evels of the social peck order are able to hide or escape 
from more aggressive individual s .  A study of �he soci . 6 1  r�nk of rats 
undergoing cro\'tdi ng stress wou l d  be necessary in order to prove or 
disprove this hypothesis . 
No definite expl anation can be extended for the decrease in mean 
adrenal ascorbic acid l evel s  which were observed in 'young' mal e and 
femal e  rats in cages with 45 and 56 percent l ess  areas , respectively.  
It is fel t  that at this point some other physiological mechanism is 
either activated or shut down due to the increased crowding .  Hhat this 
mechanism is and how it affects the adreno•pi tui tary system is unknO\<Jn. 
Tota 1 body \·tei ght va 1 ues were observed to drop during the experimental 
one week period in two of the crowding groups of both sexes (Table 5 ,6 ) . 
Selye ( 1 939 ) has noted a shift from gonad and gro\'1th stimulating func­
tions during periods of stress. The l oss  of weight observed in the 
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above groups is probably due to this shift. While a weight l oss was 
not observed in a l l  the succeeding groups, it does indicate that this 
shift coul d be responsibl e  for the crop in mean adrenal mg % ascorbic 
acid leve ls  at this level of crowding stress. No definite period of 
time for expression of this shift has been indicated in the l iterature. 
Initial increases in body weight may be fol l owed by weight loses l ate 
in the one week peri�d. These l oses simply may not show up in the data. 
It would appear that whatever the actual stress, . it is one . to w�ich " the 
rat can adapt. Adrenal ascorbic acid leve ls  were observed to increase 
again when 'young' males were exposed to 77 percent l ess area and 
'young' femal es were exposed to 75 percent less area. 
This discussion of adrenal response to crowding has been l imited 
to rats of both sexes weighing l ess than 1 76 grams to this point. 
Animal s  weighing greater than 175  grams did not give resul ts simil ar 
to those of the 'younger' individual s ( Figure 9) . No depletion of mean 
adrenal ascorbic acid l evel s was observed in the ' ol der '  females while 
the ' ol der' males showed signs of depl etion only after being subjected 
to a crowding stress of 35 percent l ess area. Christian ( 1 956)  observed 
a similar breakdown in the pattern of response of ' o lder '  mice. He 
found that the adrenal weight increased rapidly with body weight to the 
16- 18 .9  gram body weight group , then l evel led off. This is very simil ar 
to the resul ts obtained for those rats weighing more than 1 75 grams. 
With only one exception the deviation from the control l evel s  was less 
than 1 00 mg % pf. ascorbic acid. This single val ue is very close to the 
standard deviation l imits obtained for the time periods at which the 
data were· : col lected ' (Tables 2 , 3) . 
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Attention should be cal l ed to the relative degree of adrenal 
ascorbic acid depletion and storage with respect to sex. Male rats of 
either age group demonstrated more pronounced changes than did th� 
females ( Figures 7 ,8 ,9 ) .  This observation corresponds with one made 
by Christian ( 1 956) concerning mice adrenal \'/eights under croNded con­
ditions .  Differing rates of corticosteroid deactivation by the respec­
tive l iver is believed to be the responsible factor. Extreme adrenal 
ascorbic acid l evel s  are , therefore , more easily masked by rapid 
ascorbic acid depl etion and storage in the female .  
A single ' o ld '  group of each sex was a l l O\'led to continue as a 
popul ation for two weeks instead of the normal one week period. The 
two week period gave higher mean adrenal mg % ascorbic acid levels 
for both sexes ( Figure 9 ) .  Apparently the longer the popul ation density 
remains at an abnormally  high level , the higher the mean a�corbic acid 
levels of the adrenal become . 
According to Selye ( 1950 ) ,  when an organism adapts to a single 
stress while in the resistance stage of the General Adaptation Syndrome 
he loses the ability to adapt to other stressors . Continuous 24-hour 
l ight periods were utilized to determine the effect of two simultaneous 
stressors at work on a population. The results appear to confirm Selye ' s  
observations .  Both sexes of 'young '  rats were ob�erved to have higher 
mean adrenal ascorbic acid l evel s  under conditions of continuous l ight 
and crowding than under only crowding ( Figures 7 ,8) . The degree of 
ascorbic acid storage increased with the l ength of the light period. One 
day of light resul ted in lower leve l s  than did . one week of continuous 
l ight. The pattern of adrenal ascorbic acid activity under the �ombined 
stresses of crowding and 24-hour l i ght should be .further studied. 
SUMMARY 
Adrenal secretory activity was measured using mean adrenal gl and 
size,  expressed as mg % body wei ght, and mean adrenal mg % ascorbic 
aci d l evel s .  A di fference was observed in both sexes between those 
anima 1 s weighing 1 ess than 1 76 grams and those \·1ei ghi ng greater than 
1 75 grams. Thi s di fference was attributed to a shi ft i n  24-hour 
a.cti vity periods \·thi ch normal ly occurred within thi s  weight range. 
Cycl i c  di urnal rhythms of both adrenal weight and adrenal 
ascorbic acid levels were noted. ' Younger' anima ls  s howed greater 
variabi l i ty i n  both measurements than did ' ol der '  adu lts . This a l so 
can be correl ated wi th the occurrence of almost continuous acti vity 
i n  thi s  age group. Periods of peak acti vity i n  each age group were 
i ndicated by peak mean adrena 1 weights and 1 ov1 mean adrena 1 ascorbic 
aci d values. This was true of each age group. 
Sexual di fferences i n  the levels  of mean adrenal weight and mean 
adrenal ascorbi c aci d l evel s  were observed. Male rats demonstrated 
l ov1er mean adrena 1 weights and hi gher mean ascorbi c aci d leve l s . This 
di fference is bel ieved to be the resul t of a fi fty percent s l ower 
adrenal -pituitary-l i ver feedback mechani sm i n  the male .  The fact that 
males showed more pronounced ascorbic aci d changes under crowded condi ­
tions can a l so be pinpointed to this feedback mechanism. Femal es , being 
fi fty percent fa�ter i n  their deactivation of corticosteroi ds , are able 
to mask the extrer.ies of ascorbi c aci d acti vity. Mal e s ,  not able to 
react this qui ckly, s how greater variations • . The average adrenal weights 
for 'young '  animals of both sexes were fotlnd to be with i n  1 0  mg % of 
-50-
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each other, i ndicating nonnal rat activity represents a relatively constant 
stress .  
Crowding of rat populations was accompl i shed by decreasing  the 
vol ume of cage area per gram of body wei ght. A pattern of mean ascorbic 
aci d levels  under i ncreasingly more dense condi tions was obtai ned. 
Soci al  hi erarchies were thought to p lay an important role in establ i shing 
thi s pattern . .  Other contri buti ng  factors coul d only be theorized. The 
shi ft .from gonadal and growth stimulating functions may also  have thei r 
effect. 
' Ol der'  rats of both sexes were observed to react to a much lesser 
degree of crowdi ng than did the 'youn g '  anima l s .  Apparently they are 
, 
better abl e  to maintain thei r resti ng  levels of ascorbic  aci d .  When 
h i gh population densities for these ' older'  anima ls  continued for a 
two week period, hi gher ascorbic aci d l evel s  were i ndicated. The longer 
the cro\i1ding stress continues the more effective the stress appears to 
become. 
Continuous 24-hour l i ght periods under crowded condi tions were 
uti l i zed to observe the rats response under a double stress si tuati on . 
Ascorbic aci d level s were even hi gher under this combi ned stress condi­
tion when compared to the l evel s reached under conditions of crowdi ng  
only. 
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